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-1 LEGAL NOTICE
!rhis report was prepared as an account!

of Government sponsored work. Neither the
~ United States, nor the Commission, nor any

) person acting on behalf of the Commission:.
1!t A. Makes any warranty or representa-

~, tion, express or implied, with respect to the
~ accuracy, completeness, or usefulness of the
“ information contained in this report, or thatI1

the use of any information, apparatus, meth-
od, or process disclosed in this report may
not infringe privately owned rights; or

B. Assumes any liabilities with respect
I to the use of, or for damages resulting from ‘I

the use of any information, apparatus, meth- I
od, or process disclosed in this report. I

As used in the above, “per scn acting on
behalf of the Commission” includes a.ly em-
ployee or contractor of the Commission to

‘ the extent that such employee or contractor
prepares, handles or distributes, or provides

~ access to, any information pursuant to his I

I employment or contract with the Commis-
sion.
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MEIXCAL SURVEY OF MARSHALUSZ TWO YEARS

AFTER EXPOSURE TO FALL43UT RADIATION

, Introduction

~ Background
{

Following the ●xperimental detonation of a nucle=r device in the Marshall Islands

on March 1. 1954, inhabitants of four nearby islands were ●ccidentally ●xposed to sig-

nificant amounts of radioactive fallout material. The ●xposed personnel were evacu-

●ted to Kwajalein Naval Station where they were studied and cared tor ‘uring a three-

month period. As a result of this study, it was found that the inhabitants of the two

most remote of these islands (28 Americans on Rongerik, and 157 Marshal lese on

Utirik) had received only minimal effects from the fallout, and further ●xaminations
were not considered necessary. Accordingly, the American servicemen were re-

turned to duty ●nd the Utirik people were returned to their homes. However, the

82 Marshallese who were on the two nearest islands (Rongelap and Ailingnae) showed

significant effects of exposure ●nd required continued study at intervals. Since their

home islands were not considered safe at that time for habitation, they were moved to

●n isl. md in Majuro Atoll where homes were built for them and they have since been

comfortably established.

The results of the initial ●xaminations have been reported ( 1-3). Since this time,

follow-up studies on the Rongelap people at Majuro have been carried out and reported

at six months (4) ●nd at one year postexposure (5). This report concerns the third

follow-up study carried out at Majuro in March 1956, two years post~xposure.

Summary of Past Findings—

The following is a brief summary of the past findings which can be found in detail

in references 1 to 5.

During the first 24 to 48 hours after exposure, about two-thirds of the Rongelap

group experienced anorexia and nausea and a few vomited and had diarrhea. At thl~

time many also experienced itching and burning of the skin and a few complained of

Iachrymation and burning of the eyes. Following this, the people remained symptom-

free until about two weeks after the accident, when skin lesions and loss of hair due

largely to beta irradiation of tic skin developed. The effects of the *irradiation can

best be summarized under three headings according to the mode of irradiation:

a) penetrating irradiation, b) skin irradiation, and c) internal irradiation.

a) Penetrating Irradiation. The Rongelap people recelvea an estimated whole-body——
dose of 175 r a;d the All~ngnae people 69 r of gamma radiai. on. Depress Ion of periph -

eral blood elements occurred as follows In the Rongelap people:

Lym~hoc~cs fell promptly and by the third day were 55 percent of control values

(unirradiated M~rshallcse) In adults, and 25 percent in children. The cells ●k ~wed only

sllght reco~ery bv SIX months. At one Vear, there was further recover ; but the cells

were still below control levels.

~eutr~lles fluctuated conslderab]y during the first few weeks but fell gradually.—
to ● low of ●bout <O percent of control \a]ues by the sixth week after ●xposure; re -

cwerv was slow. At SIX months counts were still below

they had returned to the level of the control population.

control levels, but by one year

1
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bda &ring t& met 12 t9e@h& Am qcdelmic d chick p (W* M me ca-

plic*ions) involved 8 large percentage d botk populatitme im tbe pertd ~ tbe

a- 8d two-year •~ ims. * c89e d -~lic*ed me8sles aeured m *

R~la+ group during the y8ar. rive childbirths W*?W reported mong the kat~lmp

F* ~ m in tk control groupc the iafaats developed normally 8ad wre free d
any eppmrent ●bnorrrmlit ies. Five Romgelap women and three women in the c~rol

group currently hava mcoraplicmed pregnancies. One child end an adwk ia tbe a-

poeed croup were seriously ill duri- the pmt year and their caees wilA & dieemse4

later. Two R on~elap children had been treated rece-ly for intestiad perasitcn. At
the tim d this survey no deaths in ●ither group bad been reported durimg tk pact

ywar. However, on May 13, 1956, one desth, which will be reported below. occurred

amoag the R oage lap ~ople.

Clinical F’&dings

In general. the people of both the ●~sed d cocttrol groups eppeared to be in

g-cd health and nutritional condition. Tables 1 and Z list the positive clinical findingc.
which were ●bout equally distributed be~een the two groups. None of the clinical fi4-

ings in the ●xposed group, with the ●xceptiom of reaidua of skin lesions, could be ●t-

trib@ed to the effects of irr~ati~ A few findi~s were n~ed during the mo-yemr

study which were not recor~d m previous ●xarnimxims. With the ●xception 04 t&

cases diacusaed bel~ in further detail. it was ti klieved tbt these additi~i f~-

ings represeatod rece* ~olqical devel~nts.

A 77-yemr-oAd man, .44. g=ve ● kigtory d pmresis of tbe rim upper d Wt -r
●xtremities of aime rnomths’ durmax W* Srti irrqgrove~ an st~ A ~
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Phtewts fc:l to ●bed }0 percent uf the control l,slues bv ?!w fourth we+. Bv st=

months, tky tid reached 70 percent of costtrols; 8t me yea! the mean piateiet count -as

stiil beiou that & the c~rol popuiatlm but Wa * sllghtly higher than ●t the ●la-month

survey.

~he depr~ssion d bio.od ●iements in the Ailignae group was slmtlar to that in the

R~elap group ●xcept that it was less marked.

Chan~s in the hematocrit were not remarkable in ●ither of the two groups.

b) Beta Xrradiati OE o{ t.~.. .S~it& No ●ccurate estimate of ths radiatton dose to the———— —.—-
skin could be-made. Spotty lesions of the skin and ●pilation began to deve iop ●boQA

two weeks ●fter ●xposure. The lesions occurred largely on parts of the body n- cov-

●red by clothing. Most of the lesions were superficial; they ●xhibited pigmentat]ort

and dry, scaly desquamation. ●nd were ●ssociated with little pain. Rapid healing and
repicrruntation followed. Some lesions were deeper, ●xhibited wet desquamatlon. ●nd

were more painful; a few became secondari Iy infected. Repigmentation gradual] y took

place in most lesions ●nd some of the healing lesions, particularly on the hack of the

neck. developed hyperpigmentation of a grayish. dusky color ●nd ● thickening of the

skin with “orange -peel” appearance. By one year. however, this type of pigmentst~on

had been greatly reduced. Deeper lesitxts on the dorsum of the feet continued to show

lack of repigmentation, with scarring in some cases, ●t one year. Histopathological

studies of the skin showed changes consistent with radiation damage. A common find-

ing was spotty transepidermal damage accompanied by ●trophy and flattening of the

rete pegs, with areas of relatively normal skin between. The dermis was much less

affected than the ●pidermis. Biopsies taken at six months showed considerable im.

prove merit but some persisting changes.

Pigmentatitm of the semilunar srea of the fingernails and toenails was observed .n

●bout 90 percent of the people about three weeks after ●xposure. By six months, this

pigmentation had largely grown out with the nail and had disappeared in most cases.

c) Internal Irradiation. Radiochemicai analysis of nurrwrous urine samples of the.— .. ———. —
exposed personnel showed some degree of internal adsorption of radioactive materi-

als, probabiy through eating and drinking contaminated food and water. Calculations

of the body burden of these mater ~als, however, showed that the concentration was too

low to cause any serious effect. Analysis of urine samples at six months ●fter ●xpo -

sure showed only barely detectable radioactivity present In some cases.

Clinical observatlon~ reveaied that aside from skin lesions, loss of hair, and——
early symptoms, no other symptom% or disease processes had been encountered which

could be attributed to radiation effects. There had been no deaths, and the diseases

●ncounte red had been no more severe or frequent than in the nonirradlated population.

This was true even during the period of the greatest depression of per~pheral blood

elements. It was difficult to evaiuate the et fects on fertility: however, ● number of

apparently normai babies had been born and further pregnancies had occurred. Oph -

thaimascop~c examinations, including slit iamp o.}servatlons, were made initially and

at one year postexposure. No oprcities of the lens or c~her eye changes were found

that could be ●ttr~buted to radiation.

Procedures

The W Ronge lap and Alllngnae people. plus nine babies born since the acc~dent,

wet ~ examined. Of the SZ controls irom Rita Vlliage on hfajuro examined during the

six-month folluw -up stlidv, G7 were ~vall~ble ●nd w-rc re-ex~maned.

Phvslcal ex~mlnatlons were performed ●nd Intervai hlsto -s were taken on all

Pers{,n-. Exanlinatlons lnclud~d pelvic ●xamlnat~on of ali - u!.. en and r?ctal exam\ na-

tim. =herl ln~:t ●ted. Height ●nd weitiht were rmorded for ●ll persons ●nd spec~ai

gr{,-th arlt. dr.’rl(}pmrnt measurements of chlidren wrrr takrn as In the pa>t.
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Cdbngxmtd eyph.hs . 1

bprosy 1 - I
NeurOlogicaI *M-M

C-r*rova8cular acc Ide*
I

1 .
I

Gmto-urinary ftndsqo
UrethreJ caruac k I .

Cymttrcele 2

Prepmcy 1 I

Vlabetes . 1

Oral pathology
Leukoplakia (buccaJ mucom) - 1
Pap\lloma - tongue . 1
Desquamation - tongue . 1

Hepatomegaly - unexplmned 2
——

Table 2. Ciimcal findin~s in ctuldren (19 years and younger),
!

Exposed group Control group i

Findings No. of findings !’+0. of findings
— !

Rheumat]c heart disease 1 -

Functional cardiac murmurs 4 z

Prennancy .? 2

Upper respiratory InfectIon I 1

Ce rwcal iymphadenopathy 4

Hepatomegaly - unexplmned 1 1

during the past few months. Important physical findings in<luded: BP 190/66; gerter -

aliz. ed diminution of deep tendon reflexes; marked weakne~s ●nd Iirmtatlon of motion

of the r~ght upper and left lower ●xtremities with some muscular atrophy of the in-

volved parts; and lnablllty to walk without ●id. These findings can best be ●xplained ort

the basl~ o: .I .rrrbrovascular ●ccldcnt.

The SC( ond tase was that ot an n-year-old bov, .76, who was huspltallzed In

January 195b with acute rheum~t~c tever ●nd cardiac decornpensation. He improved on

~aiy~l;a:ti -:.A <L:\1311S l~rravv And was discharged two weeks a!ter ●dmlss ior. Pres-

ent tlncilngs :nt IuAe (-.arciiome~alv with regular sinus rnytnm UIU ~i~d< .! :y-?n’tr and

$rade ! d:astoii( dp]cal tardtac murmurs. The diagnosis of rheumatic heart disease

.-. .,. — . ‘w- . . . ._~ ——. . .
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most specimens &cause of the length of ti~ ●lapsing between death ad ●,ttopsy, ud
the use of insufficient fixativw. A summary of the hi stopathological findin~s follows:-

The sections ●xamined micr-oscopically indicated that the patient had benign mephro-

sclerosis (hypertension) with myocardial hypertrophy (presumably, left). Coronary

artery ●rteriosclerosis was present. Evidences of heart failure were noted in the

presence of recent pulmonary edems utd passive cmgestion. ●cute, of liver ●nd

spleen. No evidence of rheumatic heart disease. ●cute or inactive. was noted and no

valvular vegetations were observecL The specimen of pancreas was ●ttolyzed.

Growth and Development

Heights and weights based on sex and ●ge w~e-co.ropaxed in ●xposed ●nd control

children ( 19 years of ●ge ●nd younger), using the data taken in the six-month and

two-year surveys. Unfortunately only nine children of each sex could be matched with

the controls, since not ●ll the control children were ●vailable for re-examination.

Nine males between the ages of 3 and 15 years ●nd nine females between the ages of

5 ●nd 19 were compared. When there were several children of the same ●ge, the

means for each age were used to calculate the over-all mean differences for the total

group. The mean differences in height and weight of the exposed children compared

to the controls were as follows:

Males Femaies

6-mo Z-yr 6-mo 2-yr

survey survey survey survey

Height, In. ‘1 -zel -0.1 -0.5

Weight, lb -;:5 -7.2 +2.0 -0.2

Even though slight diiferencrs we-e noted between the lr radiated and comt rol ch~ldren,

]t 15 not Posolbie to ●ttach any slgnliicance to these difference, becsus~ of the stTMll

~Tbe &stophoiqIca I tln~ngs ●re

.— . ..- ------ _. -. .- —. —..
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Mottled depismeaatia d tk ~riae ack MD ad U* Cb
mu ●.

tkpigmemtatiom of tk loft mecubltaJ foeu.

Hyperptgmerned eA **grrwnted spds in tln Jdt ~ $d
fossa

Sight depigmetied ●rea. oa dor.um d fee

Area of deplgmentation and scurleg over dorsum ol rig- fooc
●mf deptgmentetlon to a iess-r ●mem a ttw left f-

Deptgmentalion and hypcrpagmentatiom of the r~gM ~ecubita3
fo sSa. Scarred, deplgmented Iesim 00 right foot betwee- fir-t
●nd secodtoes vlthhypertrop&c cbmges in the skinaad ●trophy.

Small depigme-ed ●rea in rtgld antecubital fossa.

Hyperplgme*att~ depxgmentetica ●nd hyperkeratoslm of tb
back of tbe neck ●nd to a lesser ●xtent lathe ●ntecubttal fo. sae.
%nall ●reas, not yet completely rcptgmente~ over the do rsum

of both feet.

S3ight mottled increased ptgmentatlat of the =cL A few ●reas

on the dorsum of the feet not fully rep~gmented.

Hyperpigmentatloa ●nd hyperkeratosls of the neck.

Mottled p~xmented ●nd deplgmented ●reas orI tk beck of the neck.
left check, and (orebeed. Pigmented byprker~oac baA ~ b
left wrtst ●- thumb.

Areas on dor turn d feet not yet completely rep~gmented.

%nell deptgmetied scar on dorsum of left foot wtthedbere=e ta
the subcutaneous llssue,.

l~rca~d p~~stl~ad ~~rkruosisdthb~kd~ MCb.

&ptgmcmed. scarred Iestona back of left ●ar with ur~y dtbe

skin and fixationto cartilage. !40ew A8ue of breakdowe d tbts
tes~oa at pr~um.

— .— —.



7

aeeidgal Redatk, Leeiena d the skim

Reeidmal lesiaas we= pr*seat ti 14 d the Rqlap peopAe, * emly m“ re**
lesi~ was observed umaBg the 1~ Ai~ pople. The kter were exposed to con-

siderably kss fallout usd had *veloped much milder k •i~s,

Table 3 sunxnui~es the residual skin lesions. The majority of all lesions s~
improvemen~ ●lmost all the early superficial lesioms were completely healed, without

any ●pprent residual changes. Figure 1 shows an ●arly superficial lesion of the neck.

“and Figure Z shows the completely healed ●ppearance of the lesion two years post-
●xposure. Lesions which showed dusky, grey hyperpigmentation duriaa the first year
after exposure (mostly on the back of the neck) showed less hyperpigmentation and in

most cases the pigmentation developed a more normal “mahogany” color. Ail re sidueA

Figure I ( hft). Superflc~ai beta ieslon OJ the back oi the neck ●bout SIX weeks after
exposure. Note ●reins ●t sides of neck which have desquamated contrasted to tbe center
region which shows hyprplgmented tb~ckening cf the skin which grmduAlly desquamated

●lso. case 0Z4, F, ●ge i5.

Figure 2 lRight). Sxme caoe ● . Figure I two years ●fter expos,ure. showing complete

)wal Ing Qf Ieslon.

..,...-—-
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DtQetes -re - from 15 Iosi- *- ~ ~1’-~-
~w?=uedzaubieptis: I)b@-@-m =-- 2)~, f-e@=———
u~ 3) Vuha#f. foe ●lastic ti-= fibers, ● ~- ~ ~~* f-
He$ 5) hkyer’s -icarmime @ah. fu mu* - 6) m-~-’~ - --W-
euckri*. for mtuopoAysaccWi*. Casq8risa w- am& =itk c~l MOpies

- from the neck, an@euMtd fose& - dormm d tbe fod of e~ wrsblleu.

At t3m time special stainins of eectiocm from ●ulier biopsies were x 8vmilabAe. ?Sou-
mr, ● detailed descripti~ of compr8tiffe chan@es between the two-ye-r end esrlier
uctions will be given in a future repor%

The followi~ changes were n~ed in the two-ye=r postexptmure sections od tbe

biopsiem:

1. No nmopiastic lesions were present.

2. No epidermal cellular dter8tioos sq~etive of ● precaacerum caditiost were

seen.

-“-& ‘*d “’. ~

T. . .- .-. .- #, _.-. *,., .- ,< ‘. ~~
A- + ..-....-.h .:.>---.: - -~.. :*., ’--’- “ -

Figure 8. Section from ●ar lesion. 512X. There

AS * hemv~ depositionof colia~n m tk xpillary
an. reticular layers of the dermis. case #79

(Table 3).
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4+
~pill~ry aad ~icuhr layers of the dermis (Figure S).

Mo~ d the= chaages were comistent with previously reported ltie r8diatio-

ckeages in the skin.

Hematological Findings

Control

The control d*ta* consisted of the hematological data on 134 Marshallese m

Majuro Atoll obtained in April 1954, ●nd data on ●nether group of 82 Marshallese from

Rita Village on Majuro taken in September 1954 and sg8in in this survey. These c--

trol populations had been matched for sex ●nd age with the exposed population.

Results

The h~matological findings ● re presented in Tables 4 through 6 and Figures 9

through 13. As in the past, the groups were divided according to ●ge ●nd sex in or&r

to make ●ppropriate comparisons of the various blood ●laments .** B=bies lmrn since

●xposure were not included in the comparative studies YO that there were fewer in-

div~duals in the younger age group.

Leukocyte~. In both the Rongelap ●nd Ai Iingnae people, the mean total leukocytes
and mean absolute neutrophile counts, ● s in the one-year ●xaminations, were equal to

the control means in both the <5- ●nd >5-year age groups (Tables 4 and 5, and Fig-

ure 9). However, there were some people who had neutrophile counts slightly below

normal ( 10 with counts of 2500 or beIow in the exposed groups compared with two in

the control group). The fact that none of these people had had comparably low counts
●t the one-year examination tended to make the finding less significant. The mean of

the ●xposed groups was brought up to the control level by the presence of slight neutro-
philia in some individuals. This effect is represented in Figure 10 by ● slight change

in slope of the neutrophile cumulative distribution curves.

●only 57 of the Rita group were ●vmlable for
●*The ~opl~ werr div)ded as foilows”

Leukocytes: both sexes

both SCXe S

P14tcle19: male

male

female
He! )~!,mr:t~ male

male

female

esamlnatlon durin~ the present ,urvey.

<5 years

>< years

<IO years

>10 years

●ll ages
<1$ years

>1< years

● ll ●ges

Rongelap
b

58
9

42.2

33

1:

19

%3 11
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B
7

10
lZ
15
1s
22

26
30
33
39
43
47
51
54
63
70
74

6. M- sgrvey

%0 &z
49 6.2
6A 7.1
%9 6.3
5.9 &s

6.7 7.2
7.0 7.4

5.7 &l
7.6 ?.8

6.5 6.2
5.7 5.5
5.Z 5.2
5.9 S.@
6.7 5.6
7.0 6.0
7.7 6.0
7.6 6.5
.-

0.5 6.6
10. A S.1
11.0 8.6
13.2 9.7

6.4 4.7
.

3.5 4.5
3.s 3.9
3.2 4.1
3.4 4.7
4.3 5.0
}.9 3.9
4.0 5.3
3. i M
3.0 3.3
2.0 2.6
&6 3.3
2.6 3.5
3.5 3.5
3.9 3.6
3.* 4.0
. .

4.6 4.2
4.7 4.0
5.9 4.8
4.8 4.8
5.4 5.2
. .

7.0 4.4

1.s 2.2
. .

2.6 &l
&l 1.7
2.4 1.9
2.4 2.1
2.6 2.1
2.3 1.8
3.2 2.1
3.2 2.0
2.6 2.0
2.9 2.3
3.1 Z.4
3.4 2.1
3.7 2.4
3.7 2.3
3.3 z.?

.
3.6 Z.Z
4.6 2.8
4.7 3.1
7.4 4.1

4.7 3.7
. .

5.6 3.6

.

. .
2802 ZL7

. .

27.1 21.s
Z1.s 19.1
16.s 14A
13.2 lZ.9
14.1 1Z-3
17.9 16.6
Z5. S Z2. o
Z&s 20.9
24.6 ZO.6
Z2. 1 17.5

. -

23.1 Ia.z
.

Z6.Z Z1.7
Z4.4 20.3
Z6.6 19.5
3&o Z1.4
41.2 z5.8
35.0 27.3
37.5 Z&5
3%5 Z4. Z

.

.
Z4.9

.
21.7
21.8

15.Z
10.9
11.s
15.1
22.4
Z3.2
23.9
21. Z

-

Zo. z

.?47
21.2
Z7. b
Z5.5
34.5
3e.9
z% 4.
31.Z

.

.
Z&o

.

z&s
21.0
15.3
11.9
12.3
16.0
2Z.8
Z3.Z
23.1
20.3

.

Zo. 1
.

Z4. 1
22.6
24.9
Z4. 7
33.4
30.4
Z7.6
Z9. 5

0.s a3
-.

ZW9 1.7
4.Z 504
3.0 L3
L7 1.7
1.9 2.0
1.9 1.6
1.5 O.*
1.7 1.6
0.9 e. 9
1.1 1.1
1.0 1.0
Z.5 1.6
1.7 1.Z
&c &~

.-

.-

1.4 1.1
0.7 1.3
Z.7 1.5
Z.o Z.o
1.9 1.7
-.

1.4 1.5

al *7
.-

1.6 1.6
1.9 1.*
1.1 1.3
3.5 1A

&3 1.s
1.0 1.3
3.4 L2
2.6 2.Z
0.5 1.0
1.4 U
1.1 a5
&o a7
.-

0.3 &6
3.4 1.9
.-

L5 1.6
6.7 Z.8
9.6 5.3
%3 4.7
4.Z 4.0
-.

12.s 6.6

( l-Yr. .urv*j
, 2-Yr. survey

/ M.luro coatrols
I RM: .omtrob, 6 mo. 10.7 7.6
I Rita carol., 1 yr. - -
j Rita controls, Z yr. 14.0 &9
,—-—. ——— — ———— —— .——
I ●Excludt~ pregnancy.

r ‘— ~
1 Table 5. Aili~nae graup and control mean blood counts by day

~ – ‘—–”—— —

W BC
(x lo~)

Ptatelcts
Neutrop&les Lyrnpho$ yte s (a 104)I

[x 10J) (x lo~)
Male Mah Female

<5 >5 <lo >10 X31 qes
-— — — —..

Postexposura tiay >5 <5 >5
— —— —

.

20.9

24.6
24.9
ZZ.9
17.4
18.Z
LL.7
(?7.0
25.>
Z6.1
Z5.O
23.8
23.9
28.3
L6.4
36.5
]!.Z

0.8 1.6
.-

3.s 2. I
3.4 %8
3.7 Z.6
2.3 1.5
1.5 2.4
2.3 Z.4
1.9 1.9
La 2.2
1.1 1.7
0.6 1.4
Z.z 1.9
Z.7 L8
1.5 1.9
1.1 1.4
1.0 1.1
L6 1.4
2.0 Lo
1.4 1.!

0.5 0.4 ]
-. I

Z.6 1.6 ‘
4.4 2.4
Z.3 1.4 I
3.Z 2.3 ;
5.8 2.4 ‘
0.6 1.6
4.1 Z.o j
6.0 1.9 ~
Z.7 1.6 !
2.s 0.5 !
1.5 0.7 ~
Z.z 1.0
1.0 0.s
1.5 2.2
1.7 Z.z
9.6 6.4
9.5 4.7
12.s 6.*

3
7

10
I 12

I 15
18
Zz
26
30

I 33
39
43
47
51

( 54

6.0
5.5
6.3
6.3
7.1
6.8
8.9
6.4
9.6
7.7
7.5
6.9
7.3

8.4
4.6
7.7

11.1
11.O
13.2
14.1

7.0
6.8
7.3
7.6
7.0
7.8
8.7
7.0
8.6
7.8
6.(?
6.5
b.7
6.3
0.3
0.5
7.8
9.1
9.7
8.9

3.0 5.0 2.8 2.2 - -
.

1.9 2.Z f2z.5 22.6
3.1 2.Z - -
4.Z Z.z 29.0 20.Z
3.5 2.4 27.5 21.7
2.7 2.9 23.5 17.0
3.2 2.2 20.0 13.8
3.7 Z.o 1’4.5 12.s
3.5 2.2 24.0 15.8
4.7 1.9 26.5 20.8
3.9 2.7 28.0 19.6
3.4 2.7 27.0 20.0
4.0 2.2 3Z.O 18.2
3.L 2.5 37.0 19.8
2.7 2.2 25.2 19.2
6.5 5.6 38.7 21.4
4.8 3.2 51.2 t7.4

7.4 4.i 41.2 25.8
5.6 1.6 35.5 24.2

.

.
21.5
.

23.9
24.3
Z1.3
16.7
16.S
17.0
Z5.2
24.0
24.5
23.9
24.2
Z2.7
.27.5
Zb.7
33.4
29.s

. -
4.Z 4.Z
1.8 4.7
2.3 4.5
2.9 5.0
5.3 5.4
4.8 4.4
5.3 6.2
J.3 5..2
2.9 4.Z
2.7 3.6
J.5 3.8
3.8 3.6
2.8 3.5
4.8 3.9
4.2 4.7
4.9 5.1
4..3 4.0
7.0 4.4

I

I 6-Mo. survey
; l-Yr. sur~cy

2-Yr. 9urvey
MaJUr O c-rols
R1ta comtrols. 2 yr.

———
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Udeuak remaia Ma& Mds reRde

—--P-” - <Is >1 s au -s <1 s >Ig at3 qeo
—

22 37.s 43.9 3%0 37.s 43.7 39.z

Z6 36.3 41.6 37.5 %s 43.2 36.0

30 37.9 4&2 37.1 36.0 4496 36.7

33

39

43

47

6-Mo. owrvey

1-Y?. Swmy

z-Yr. -Tvey

Majuro cerdm

Z-Yr. carols

37.4

37.8

37.3

39.0

38.0

37.5

30.7

39.6

3&9

42.2

42.4

41.0

43.4

41.7

41.1

41.Z

60

4L 1

36.0

37.4

37.6

38.3

38.2

36.9

30.1

39.9

39.8

35.5

3s.0

36.0

-

37.5

33.0

3s.7

39.6

30.9

43.8

4%6

45Z

4k 5

4al

44.6

44.4

46.8

42.1

37.3 ‘

37.4

%8

*Z

37.3

36.z

37.s

39.9

39.8

The mean ●bsolute lymphocyte level was slightly increased over the one-year
leve L However. the mean level was still somewhat below the mean cent rol level

(75 to 60 percent) in both ●ge groups in the Rongelap ●nd Ailingnae people (Tables 4

and 5). h the exposed groups, six people had lymphocyte counts of 1500 or below;

none in the control group were this low. Five of the six had also shown low counts at

one year and before. The cumulative curves in Figure 11 show the progressive
changes in ●bsolute lymphocytes ●t different postirradiation times compared with the

Majuro controls.

Monocytes in both exposed groups showed an increase over the one-year level

●nd were about equal to the two-year Rita control level, but were somewhat below that

of the Majuro controls.

Eoslnophiles showed ● n increase over the one-year level in both groups and were

slightly ●bove the Majuro control level, but slightly below the two-year Rita control

level in the Rongelap group. A considerable number of individuals in both the ●xposed

●nd control groups showed eosinophllia. Since tt was thought that parasitic infestatioat

might have been responsible, stool ●xaminations on 10 Rongelap people with high

eosinophile counts were done, but no ova or parasites were found. The eosinophilia

might have been due to trichinosis or some obscure cause.

Platelets. The mean platelet level in the Rongelap males showed ● slight increase

over the one-year level, but in the females it showed a slight decrease (Table 4) so

that the mean of the combined groups was about the same ● s at one year (Figure 12).

The cumulative distribution curves of piatelets for the Rongelap group (Figure 13)

showed little difference at one and two years, whereas the difference between six

months and one year was readily apparent. The less -exposed Ailingnae group showed
no increase in the mean platelet level at two years compared to one year ●xcefl for
the younger males (Table 5). In both ●xposed groups, the platelc levels were between
70 ●nd 85 percent of the control levels, depending on which control group was used for

comparison. At this examination, there were four individuals with platelet counts be-

low I 50.000; the lowest count was 68,000. Three of the four had previously shown J-

counts. Only one control individual of ●ll control groups had a platelet count below 15(J,@0.

..- ....---- ..- -..1 .. —-— —- —..— -——. - .—.— —. —-. ——.. -— -----
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Op&halsnic Examin8tia

Resmlts

Ocular disorders were observed in 45 of the 91 Rongelap people, and in 24 of the

5? control-. These disorders ● re presented in Table 7 and ●re sumrnmixed ● s follows:

S) Pterygii were the moat common, occurring in 27 percent of the Romgelmp and

18 percent d the control people.

b) Pengueculae acurred in 19 percent of the Rongelap and 11 percent d the cm-
Srol group. The ~reatest incidence was in the 40 to 60 ●ge group.

c) Cataracts were found in 16 percent of the Ratgelap and 11 ~rcent of the c--

trol croup. Of the catmracts noted in the Rongelap group. 14 Frc- =ere ~ t~ **

type and occurred ●t an ●verage age of 60.4 years. Two percent of the catarectm were of

the congenital tvpe. In the controls, ●ll were of the senile type and occurred ●t an

●vera~e age of 65.3 years.

d) Corned Piimentatioo was observed in ● large number of both the Rtmselap and

control people and was considered to be ● racial characteristic. The remainder of the

ocular disorders found (arcus senilis, strabismus, comeal scars, healed choroitiitis,

retinopathy, ●tc. ) were about equally distributed in the R Onueiap -d control 8rouPs-

There were three cases of cataracts (two in the Rongelap group and one in the

control group) which caused severe impairment of vision and necessitated surgical

removal. A Pteryglum was also removed from one of the Rongelap people.

All lens opacities and cataracts could be classified as congenital, presenile, or

senl 1-. There were no opacities that resembled those due to the effects of radiation.

It was not known whether or not the whole -bcdy dose of 175 r of gamma radiation re-

ceived by the Rongelap people would result in opacities of the lens at ● later date. The

incidence of cataracts and other ocular disorders observed in the Rongelap ●nd control

people was consistent with what might be expected when their racial background and

the climatic conditions under which they live were taken into conslderatia.

Analysis for Internal Radioisotopes —

RadioChemical ●nalysis of 57 liters of chemically treated pooled Rongelap urine

showed that the precipitate contained strontium-90 in the ●mount of 64 f 4

disintegration ./m In. with a like amount of yttrium-90. The greatest ●ctivity, present

in the ● mount of 7C0 2 10 disintegrations/mln, was Identified ● s due to cerium- 144 -

praseodymium- 144. Earner stud~es had shown that the ●verage 24-hr urine output of

the Marsha ilese was ~t$O ml. Thus the $7 liters represented about 100 24-hr sampies

which gave the foliow~ng values In dlstnteg ratlonslmin/Z4 -hr sample: strontium -QO.

0.6, and cerium - 144 - praseodvrnlum- !44, 7.0. Thes* values were cstlmated to be

WCII below the maximum perrr,~slble body burdens of the>e Isot PPes and, when blo -

: $lcal and phvsical hal(-il~cs wrrr taken Into consider mt~on, agr .- J fairly well With

the Orlglnal Cs!lmatcs UJ !jody burcjcn two years earner.

. ..- ,.— .—. . ..-.—-—--- . .... . — .- —..——..



1.
L
38
4.
s.
6
7.

89
9.

I&

11.

1z.
13.

14.
15.
16.
17.
18.
10,

z o.

21.

22.
‘ 23.

24.
~ 25.
, 26.
i 27.

: 2t3.
+———

Arcwe 8etii 8
chahmoa
Rosl ●

-we VII pareJysiB
cOmjmxctititis
Foreign bedios im~ i- the lid.
=rebismua
Rithisis bulbt
Pinguecuia

●. utihteral
b. bilateraA

Rerygium in one ●ye ●rd pi~cu3s in tbe

fellow ●ye

Rerygrum
a. unilateral
b. bilatere.1

Reryglum. 3 or more
Cornea2 pigmental: on
Cornea3 scars
Paanu ●

Interstitial keratitis

ArgyUe-Robinson pupIl

Ectropion uvell

Aphalua

Cataracts

a. Co~emtal
b. Senile

1, Incipient

CongerutaJ remnant. of the hyalotrf system
●. Hyaloid remnants

b. Mittendorf dot

Dru8erl
Retinal scars, healed

Choroldltls, healed

Vitreous Iloaters

Macular degeneration

Retinopathy, ●r:erlosclerotlc

Retlnopathy, diabetic
——

13
3

.

2
z
i
6
1,

3
s
9

s
11
-

3
1
1

1
.

1

1
6
8

1
1
i
1
3
6
1
L

●Total: 91. with pathology: 45 (49%); without pathology: 46.
‘ ●*Total: 57; with pathology: 24 (42%); without pathology: 33.

— — — _—— ——

14.2
3.&

&o

Z.@

1.1
6.4

1.1

3.2

5.2

9.6

.
1
.
1
.

2

1

1
4

1

5.z 4

12.1 4
. 1

3.2 -

1.1 1
1.1 .
. 1
1.1 .

-

1.1 z

1.1 -

6.4 z
8.4 4

1.1 -

1.1 -

1.1 1

1.1

3.2 1

6.4 3

1.1 z

.2.0 1
1

10.3
.

1.7
-

1.7

3.9

1.7

1.7

7.1

1.7

7.1

7.1

1.7
.

1.7
.

1.7
.

3.5

3.5

7.1

.

1.7
.

1.7

5.3

3.5

1.7
1.7

. . ——— .-—. .—- ..— — —

Radiochemical analysis of bone samples taken from the Marshal lese man who

died revealed strontium-90 in the ● mount of 1.6 ~ 0.06 disintegrate ons/min/g ●sh,

well below the accepted tolerance limit and in the range of activity for this isotope

found in the bones of Americans.

Examination of radiographs of femurs of exposed children revealed no bone de -

fects from posslblc depos~ts of radionuclides.

Summary and Cortclus~ons .-
—--l

Y
. . ,..—____ --—— —— ——— —.,. —.



~ to fall- roA*ia.
Tbn is ●vide9ce of ccmtimted iqromwnt d kemopoieds. Tbe -on lymphO-

c~ c- is s~Jy mcreaaed ovw the ou-year levels, but is still .Mply bele tbe
urn c~roi c-*. The mean pJ*la ~e~l is *ut * •~ ● - f- ●t ~ W-
-r ●xposm A is still sli@tly helm the codrol level. The meoa neutropitik
co- ●t ow yemr after ●xpsure bd reached the camrol level. The delsy in compl-

mcovery d lymphaytes and plotelets is simiior to that reported in the two-year

foilou-up tiudies d the Japonese casualties of the ●tomic bombings (7, 8). Evidence

from the Marshallese experience indicates that the lowered levels of the-e blood ●le -
mtis have not lowered the resist@tce of the people to disease, and the present levels

● re na considered to represent ● serious condition.

Residual chances in the skin from the beta irradiation continue to show improve-

ment- Pigment ●berrations ● re still evident in 15 cases and in four of these there is

●lso scarring with some adherence of the skin to the subcutaneous tissue. However,

there is no gross ●violence of tissue breakdown or malignant change in any of these

lesions, ●nd surgical repair is not considered necessary ●t this time. Histological ●%-

●mination of ~kin biopsies ●t sites of radiation lesions show- residual ●ffects of radia-

tion damage, but no evidence of premalignant or malignant changes.
Ophthalmological survev reveals that there ● re no radintion-induced lens opaci-

ties, and the incidence of ocular lesions is similar in exposed and control population-.

The radiochemical analysis of the urine of the Rongelap people shows measurable

●ctivity which is largely due to cerium- 144 - praseodymium-144 with oszly slight =tiv -
ity due to strontium-90. The body burden of these isotopes is estimated to be well be-

low the permissible levels. Examination of bone specimens in the case of the one man

who died shows no radiation that can be definitely assa:ated with fallout deposition in

the bones. Studies of radiographs of the femurs of the exposed child:ee shuw no evi - \,

dence of ●ny bone defects from possible deposits of radionuclides.

Recommendations /

Continued medical surveys of the Rongelap people on,a yearly basis are recom-

mended, particularly since certain blood ●lements have not completely recovered, and

continued observations of residual radiation effects on the skin are desirable.

The following studies ● re proposed for the next medical survey (three years post-

●xposure). In view of the ● rrors associated with single blood examinations ●nd the

con sequent difficulties of interpretation, it IS desirable that several blood examina-

tions be carried out over ● period of several weeks on both Rongelap ●nd control pop-

ulations. Routine history ●nd physical ●xaminations, growth and development studies

on the children, and special skin ●xaminations with photography and biopsy of selected

lesions should be included. Baseline electrocardiographs should be carried out on ●ll
people Ovrr +0 years of age and compiete routine urine ●nalys~s should be carried out

on all personnel. In ●ddltlon, radiochemlcal urine analysls should be repeated with

●dditional samples from unexposed people. It IS also recommended that ● geneticist
●crompanv the survc~ team to ~nit~atc baseline genetic studies.
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